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(54) Radio communications apparatus with a steei^ble directional beam antenna 



(57) Radio apparatus and a method of operation are 
disclosed for a radio communications system. The radio 
apparatus includes a directional beam antenna, for 
example a phased array antenna and control circuitry. 
The radio apparatus is operable in two modes, a first 



mode to detemnlne the beam direction for optimum sig- 
nal quality, and in a second mode to update the beam 
direction for maintaining optimum signal quality. 
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Description 

[0001] The present invention relates to radio appa- 
ratus and radio communications systems, and methods 
of operation therefor. 5 
[0002] Radio communication systems are well 
l<nown. For example, cellular radio telephone systems 
are now an established part of many telecommunica- 
tions networlcs, and offer the facility of mobile communi- 
cations to many users. io 
[0003] A typical cellular radio telephone system will 
now be described with reference to Figure. 1. Cellular 
radio telephone system 100 has three main compo- 
nents: mobile stations (I^S) 102 (which term shall be 
used to include vehicular mounted cellular telephones, is 
portable cellular telephones, and generally radio appa- 
ratus used by a subscriber to a radio communications 
network), base stations (BS) 104, and mobile switching 
centres (IVISC) 1 06. A mobile station 1 02 communicates 
with a base station 1 04 within a radio cell 1 08. The base 20 
station 104 communicates with the mobile switching 
centre 106, which routes calls to and from the Public 
Switched Telephone Network (PSTN) 110, base station 
1 04, other base stations 1 1 2 and other mobile switching 
centres 114. In this manner, a mobile station 102 can 25 
communicate with mobile stations in the system, or 
PSTN subscribers. 

[0004] In general, a radio communications system, 
such as a cellular telephone system, has a region of the 
radio frequency spectrum allocated to it by a national or 30 
occasionally an international authority. Since the allo- 
cated radio frequency spectrum is limited to a particular 
frequency range or ranges, cellular radio systems oper- 
ators maximise the use of the radio spectrum by restrict- 
ing the coverage area of a base station 104. The 35 
coverage area of a base station 1 04 is generally termed 
a cell 108. Celts 108 are usually arranged in clusters 
200, and the allocated radio spectrum Is divided 
between individual cells in the cluster. Patterns of clus- 
ters 200 are repeated throughout the coverage area of 40 
the cellular radio system 100. A 7 cell cluster 200 is 
schematically illustrated in Figure. 2. However, it should 
be noted that although the cells 108 are shown having a 
regular hexagonal shape in practice they are irregular 
due to the non-homogenous propagation of radio waves 4S 
through typical terrestrial environments, and usually 
overlap each other. 

[0005] In order to increase the user capacity of a 
cellular system it is Important to be able to re-use fre- 
quencies throughout the cellular system. However, re- so 
use of frequencies is restricted by the need to avoid 
interference between different cells using the same fre- 
quencies, so-called co-channel interference, 
[0006] Various methods have been employed to 
reduce co-channel interference and Increase system 55 
capacity. For example, the base station 1 04 may trans- 
mit adaptive power control signals which dynamically 
control the mobile station 102 transmit power so that it 
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is kept just above the minimum level necessary to 
ensure acceptable transmission quality between the 
mobile station 102 and the base station 104. Addition- 
ally, the overall cell size may be reduced, and the level 
of power transmitted by respective base stations 1 04 
and mobile stations 102 can be conrespondingly 
reduced, in order to allow for greater re-use of the avail- 
able radio frequency spectrum. However, a reduction in 
transmit power can lead to reduced quality of reception 
and consequently reduced data bandwidth since it is 
likely to be necessary to repeat transmitted data which 
failed to transmit correctly a first time more often than 
with a higher transmit power. Additionally, if cells are 
smaller then It would be necessary to hand-off a mobile 
radio apparatus, such as a vehicular mounted cellular 
telephone, frequently. Such frequent hand-offs between 
cells may put an unacceptable processing overhead on 
the cellular radio system. 

[0007] A proposed solution to the above-described 
drawbacks has been proposed in United States Patent 
No. 5,303,240 issued 12 April 1994. In this patent it is 
disclosed that a mobile station, and/or base station may 
be fitted with a steerable beam antenna. The radio net- 
work operates in a Time Division IVIultiple Access 
(TDMA) mode, and transmits a training' signal in a 
training slot for the mobile station 102. The mobile sta- 
tion scans by sweeping the steerable beam and meas- 
uring the received signal quality in each beam direction. 
Once the best direction (i.e. the direction yielding great- 
est signal quality) has been assigned, nomnal communi- 
cations proceed. Since the beam direction Is optimal, a 
minimal amount of power is required for communication, 
and thus frequency re-use can be increased. At a later 
time, if it is detemiined that the chosen beam direction 
is not connect or optimal, another direction may be 
selected. However, the overall system capacity may be 
reduced since useful time slots, or portions of time slots 
are being utilised to transmit or receive the training sig- 
nal. Additionally, a mobile station 1 02 is likely to change 
its orientation with respect to the base station 1 04 fre- 
quently, and thus the optimum direction will have 
changed and the received signal power will have 
dropped below an acceptable level. In the known pro- 
posal, the mobile station 102 sweeps the beam direc- 
tion in order to re-establish the optimum beam direction. 
However, such sweeping of the beam direction utilises a 
significant amount of power and time, and It may 
become an unacceptable processing overhead should 
the mobile station 102 change orientation frequently or 
is at the edge of a cell 1 08. For a system where the base 
station 104 comprises a steerable beam antenna, a fur- 
ther problem arises when the mobile station 102 is at 
the edge of the cell. Should the position of the mobile 
station 1 02 change, the base station 104 may lose com- 
munication with the mobile station and a new call set up 
would have to be initiated. However, the base station 
104 has to first scan or switch into a omni-directional 
beam mode to re-establish communication with the 
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mobile station 102. In particular, the omni-dlrectional 
gain must be sufficient to establish the communications 
channel with the mobile station 102 despite it being 
located at the cell edge. 

[0008] If the omnl-dlrectional gain is not sufficient. 5 
then the connection may be dropped. Alternatively, 
increasing the transmit power would reduce the chance 
of a call being dropped, but would lead to increased 
power consumption and hence decreased talk/standby 
time for the mobile station 1 02. io 
[0009] A further drawback is that existing or con- 
ventional base stations would require re-programming 
and/or new transceiver design in order for them to be 
able to send/receive training signals and/or require the 
addition of steerabie beam antennas. is 
[0010] The system and apparatus disclosed in 
United States Patent No. 5,304,240 does not address 
the problem of a mobile station changing orientation or 
direction. 

[0011] The present invention is directed to improv- 20 
ing the performance of radio apparatus and radio com- 
munications networlcs such as, for example but not 
exclusively, cellular radio networlcs and mobile stations 
therefor. 

[0012] Particular and prefen-ed aspects of the 25 
invention are set out in the accompanying independent 
and dependent claims. Combinations of features from 
the dependent claims may be combined with features of 
the independent claims as appropriate and not merely 
as explicitly set out in the appended claims. 30 
[0013] In accordance with a first aspect of the 
present invention, there is provided radio apparatus for 
a radio communication system, the radio apparatus 
comprising a directional beam antenna and control cir- 
cuitry comprising means for determining signal quality 35 
and means for directing the antenna beam. The control 
circuitry is operable in first mode to detemnine a beam 
direction for a signal having optimum signal quality and 
to direct said antenna beam in said beam direction, and 
in a second mode to update said beam direction for 40 
maintaining optimum signal quality. 
[0014] In accordance with a second aspect of the 
present invention, there is provided a method of operat- 
ing radio apparatus including a directional beam 
antenna for optimising received signal quality, the 45 
method comprising in a first mode, determining a beam 
direction for receiving an optimum signal and directing 
an antenna beam in said beam direction and in a sec- 
ond mode updating said beam direction for maintaining 
optimum signal quality. so 
[0015] An advantage of prefen'ed embodiments in 
accordance with the first and second aspect of the 
invention is that once the beam direction for optimum 
signal qual'rty is determined then it can be tracked in the 
second mode, thereby taking account of changes in ori- ss 
entation of a mobile station, for example. 
[0016] Furthemnore, the apparatus itself deter- 
mines which mode and in which direction to fomn an 



antenna beam, thus being able to adapt to its own envi- 
ronment. 

[0017] Preferably, the tracking takes places in a 
second mode by directing the antenna beam in a dirac- 
tlon proximal to the beam direction currently determined 
for optimum signal quality, and to measure the signal 
quality in that proximal beam direction. 
[001 8] Suitably, the proximal beam direction is adja- 
cent the beam direction for the cun-ent optimum signal 
quality, and typically the antenna beam is directed firstly 
to one side of the beam direction for optimum signal 
quality, and then to the other side of that beam direction. 
In this manner, any changes in the direction of received 
signals such as may be caused by a change in orienta- 
tion of a mobile station, for example, can be detemriined 
relatively simply. 

[0019] The apparatus suitably further comprises 
means adapted to determine a period of transmit inac- 
tivity or redundant infomnation and operable to direct 
said antenna beam and monitor signal quality for said 
period of transmit inactivity or redundant infomnation. 
Either one or both of the first and second modes may be 
operable for the period of transmit inactivity or redun- 
dant information. 

[0020] In a particularly advantageous embodiment 
of the invention, a period of voice inactivity is deter- 
mined, during which period the antenna beam is 
directed and the signal quality measured. Optionally or 
additionally, a signal representing an End of Data, such 
as a End of Data Footer utilised in packet data for exam- 
ple, may be identified, and the antenna beam directed 
and the signal quality measured subsequent to that sig- 
nal. 

[0021 ] A further opportunity for identifying or setting 
up and tracking an optimum beam direction is during 
breakdown in the transmission or reception of a large 
computer/dataflle (e.g. text, graphics/audio and/or video 
streaming) from the Internet, for example. If an unac- 
ceptable en-or level due to burst errors or Raleigh fading 
occurs during transmission/reception, the data or a por- 
tion thereof will have to be re-sent. In such a situation, 
the infomrtation being received is, in effect, non-useful or 
redundant and, therefore, recalibration or re-set- 
ting/tracking of the antenna beam direction may be per- 
fomned resulting in a net improvement in the 
performance of the system. 

[0022] A yet further opportunity for setting up and 

tracking an optimum beam direction is when a relatively 
good signal strength is received at a receiver providing 
good BER/speech quality, for example. In such a situa- 
tion, re-alignment of the antenna beam could take place 
with any degraded or lost data being handled by the 
en'or correction routines in the speech vocode or DSP, 
for example. Thus, the data would be recoverable whilst 
the antenna beam direction is optimised. 
[0023] The foregoing techniques advantageously 
utilise an Inactive period or redundant data period for 
the radio apparatus for performing the tracking and 
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monitoring of signal quality. Thus, such tracking and 
measuring is not deleterious to the communications 
bandwidth or data throughout since it is conducted dur- 
ing the period of inactivity. 

[0024] In the second mode, the proximal beam s 
direction is set to be a new beam direction for multiple 
signal quality if the measured signal quality in the proxi- 
mal beam direction exceeds the signal quality meas- 
ured in the original beam direction for optimum signal 
quality. In this way, the beam direction for optimum sig- io 
nal quality may be tracked, thereby providing optimum 
communication. 

[0025] In a particularly useful embodiment in 
accordance with the invention, the apparatus is opera- 
ble for a cellular radio communication system. Historic is 
infonnation regarding the beam direction for optimum 
signal direction is stored for a first cell, and Is utilised to 
determine a beam direction for a second cell for hand- 
ing over the radio apparatus from the first cell to the sec- 
ond cell. The historic Information is utilised to evaluate a 20 
beam direction for the second cell having a likelihood of 
providing optimum signal quality for the second cell, 
[0026] In another particularly advantageous 
embodiment, historic information regarding the beam 
direction for optimum signal quality is stored, and 25 
extrapolated in order to determine a new beam direction 
for optimum signal quality. This advantageously "looks 
ahead" when tracking the direction for optimum signal 
quality, and provides enhanced tracking. 
[00271 accordance with a third aspect of the 30 
Invention, a directional sensor Is utilised for determining 
a change In direction or orientation of the apparatus. 
The beam direction for optimum signal quality Is modi- 
fied in response to, and in accordance with, a change in 
direction of said radio apparatus as detemriined by the 3S 
directional sensor. Thus, it is not necessary to track or 
direct the antenna beam in order to detemiine optimum 
signal direction, but merely to respond to the change in 
orientation of the radio apparatus as determined by the 
directional sensor. Preferably, the antenna beam for 4o 
optimum signal quality is then tracked, once the beam 
has been modified in accordance with the change in 
direction of the radio apparatus as detemriined by the 
directional sensor. 

[0028] If the change in directional orientation of the 4S 
apparatus exceeds a predetermined threshold, then 
operation of the radio apparatus switches to the first 
mode. Thus, for large changes in direction in which ft is 
likely that the optimum signal beam direction will have 
been lost, the radio apparatus enters into the first mode so 
in order to begin setting up and finding the optimum 
beam direction. 

[0029] Particular embodiments in accordance with 
the Invention will now be described, by way of example 
only, and with reference to the accompanying drawings 55 
in which like reference signs are used to denote like 
parts, unless otherwise stated, and In whteh: 



Figure 1 is a schematic illustration of the basic ele- 
ments of a cellular radio telephone system; 
Rgure 2 is a schematic illustration of a seven cell 
cluster for a cellular radio telephone system; 
Rgure 3 is a schematic illustration of a radio tele- 
phone handset; 

Rgure 4 is a block diagram of transceiver and base 
band circuitry for an embodiment of the invention; 
Rgure 6 Is a block diagram of the circuitry of Rgure 
4 coupled to an antenna array operable in accord- 
ance with an embodiment of the invention; 
Rgure 6 is a diagrammatic Illustration of the opera- 
tion of a directional (adaptive array) antenna; 
Rgure 7 is a schematic illustration of a mobile sta- 
tion using a steerable antenna in a radio cell; 
Rgure 8 is a schemata illustration of a TDMA slot 
arrangement; 

Rgure 9 is a schematic illustration of an adaptive 

antenna an^y operable in accordance with an 

embodiment of the invention; 

Rgure 1 0 is a schematic illustration of an adaptive 

antenna array system of an embodiment of the 

invention; 

Rgure 1 1 illustrates a flowchart of the stats for set- 
ting up and controlling a directional beam antenna 
for an embodiment of the invention operable for a 
GSM, or the like, communication system; 
Rgure 12A dlagrammatically illustrates an omni- 
directional antenna beam pattern for an antenna 
operable in accordance with the flowchart of Rgure 
11; 

Rgure 12B diagrammatically illustrates a 0*" to ISO"" 
antenna beam pattern for an antenna operable In 
accordance with the flowchart of Rgure 1 1 ; 
Rgure 12C diagramniatically illustrBtes a 180° to 
360° antenna beam pattern for an antenna opera- 
ble in accordance with the flowchart of Rgure 1 1 ; 
Rgure 12D diagrammatically Illustrates a 180° to 
270° antenna beam pattern for an antenna opera- 
ble in accordance with the flowchart of Rgure 1 1 ; 
Rgure 12E diagrammatically illustrates a 270° to 
360"* antenna beam pattern for an antenna opera- 
ble in accordance with the flowchart of Rgure 1 1 ; 
Rgure 13A schematically illustrates an antenna 
beam direction for a change of orientation of a 
mobile station relative to the base station; 
Rgure 13B schematically Illustrates directing the 
antenna beam -30° from the previously assigned 
optimum direction; 

Rgure 13C schematically Illustrates directing the 
antenna beam +30° from tiie previously assigned 
optimum direction; 

Rgure 14A schematically illustrates a digital data 

signal; 

Rgure 14B schematically Illustrates an example of 
a CDMA spreading code; 

Rgure 14C schematically illustrates the results of 
the data signal of Rgure 14A modulated by the 
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spreading code of Rgure 14B; 

Figure 15 is a schematic illustration of a CDMA 

communication system; 

Figure 16 is a schematic illustration of a beam pat- 
tern for receiving multipath signals having path s 
lengths approximately equal; 
Figure 17 is a schematic illustration of an antenna 
beam pattern for receiving multipath signals having 
similar path lengths; 

Figure 1 8 Is a schematic illustration of an antenna to 
beam pattern for receiving multipath signals having 
significantly different path lengths; 
Figure 19 is a further illustration of a beam pattern 
for receiving multipath signals having significantly 
different path lengths; is 
Figure 20 is a schematic illustration of a beam pat- 
tern for receiving multipath signals having signifi- 
cantly greater path lengths than the primary signal; 
Figure 21 illustrates a flowchart of the steps for set- 
ting up and controlling a directional antenna for an 20 
embodiment of the invention operable for a CDMA 
or the like, communication system; and 
Figure 22 illustrates a flowchart of the steps for set- 
ting up and controlling a directional antenna for an 
embodiment of the invention operable for a CDMA zs 
system comprising a directional sensor. 

[0030] Although the invention finds particular appli- 
cation to cellular radio systems and mobile stations 
therefor, it also finds application to other radio commu- 30 
nicatlon systems and apparatus, for example Public 
Mobile Radio (PMR), and the temis radio communica- 
tion system and radio telephone systems Include such 
other systems. 

[0031] The basic architecture of a cellular radio tel- 35 
ephone system has been described above with refer- 
ence to Rgure 1 and Figure 2. 
[0032] Refen-ing now to Rgure 3, there is shown a 
schematic illustration of a portable telephone handset 
50 for a cellular radio system 1 00. The handset 50 com- 40 
prises a housing 64, housing a user interface 52 includ- 
ing a display 54, for example a liquid crystal display, and 
a keypad 56 typically comprising the numerals 0 
through to 9 and some special function buttons. Addi- 
tionally, the user interface comprises acoustic ports 66 45 
and 68, respectively disposed for a speaker and micro- 
phone of the handset. The housing 64 also supports an 
antenna 58 for the handset 50, coupled to a transceiver 
(not shown) enclosed within the housing 64. 
[0033] Also enclosed within the housing 64 is a 50 
directional sensor 70 for sensing changes in orientation 
of the handset 50. 

[0034] A frequency modulated (FM) transceiver and 
baseband circuitry suitable for use with the radio tele- 
phone handset 50 of Figure 3 and typically enclosed 55 
within housing 64, will now be described with reference 
to Rgure 4. The transceiver/baseband circuitry 400 of 
Rgure 4 comprises an antenna 58 coupled to an 



antenna switch 404. The antenna switch 404 may com- 
prise an electronic switching means for switching 
between the transmit and receive chain of the trans- 
ceiver, or a dipiexer or duplexer operable to fitter differ- 
ent receive and transmit frequencies to the appropriate 
receive and transmit chains of the transceiver. The 
transceiver/baseband circuitry 400 is controlled by 
processing circuitry 406 which may comprise a micro- 
processor, a digital signal processor or other control cir- 
cuitry e.g. discrete logic circuitry. Additionally, 
components of processing circuitry 406 may comprise 
discrete Integrated circuits, or may be combined into a 
single Integrated circuit or as part of a multlchlp module 
(MCM). 

[0035] The transmit chain may be considered to 
start with microphone 408, the output of which is cou- 
pled to audio pre-amplifier 410. The output of the pre- 
amplifier 41 0 is coupled to an audio amplifier 412 and a 
voice activity detector 41 4. The output from audio ampli- 
fier 412 is coupled to the modulation and coding cir- 
cuitry of processor 406. The output of voice activity 
detector 414 is coupled to control circuitry of processing 
circuitry 406, which detennines whether or not a voice 
signal is present at the input to microphone 408. 
[0036] Processing circuitry 406 outputs a frequency 
control signal to frequency synthesiser 416, for deter- 
mining In which channel a signal is transmitted or 
received. Additionally, suitably modulated and encoded 
signals representing speech are output from processing 
406 for further modulation and up-conversion for trans- 
mission via antenna 58. The channel frequency is typi- 
cally determined by a control signal received from the 
base station 104. The allocated radio frequency spec- 
trum is typically divided into radio frequency channels 
having a bandwidth of about 25 KHz (which is suitable 
for most speech applications). Often, the up-link chan- 
nels (from mobile station to base station) are placed in 
a frequency band separate from the frequency band for 
the down-link channels (from base station to mobile sta- 
tion). The output of frequency synthesiser 416 is cou- 
pled to a voltage controlled oscillator 41 8. The output of 
synthesiser 416 may be coupled to the voltage control- 
led oscillator 41 8 via a frequency multiplier. Optionally, 
the output of voltage controlled oscillator 418 may be 
multiplied by an up-converter In the transmit chain, the 
output of voltage controlled oscillator 41 8 (or a multiple 
thereof) is coupled to RF power amplifier 420. Addition- 
ally, the RF power amplifier 420 receives a control sig- 
nal from control circuitry 422. Control circuitry 422 acts 
to control the output of the RF power amplifier 420 in 
accordance with a desired output power such as may be 
necessary In a cellular system using adaptive power 
control. Further, control circuitry 422 may form part of a 
power control levelling loop, which acts to maintain the 
output power of the RF power amplifier delivered to the 
antenna 58 substantially constant. This is achieved by 
monitoring the output of the RF power amplifier 420 and 
comparing it with a desired signal output level, and 
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adjusting the bias of the power amplifier under the con- 
trol of circuitry 422, to maintain the desired level. The 
RF signal is then switched through antenna switch 404 
and transmitted via antenna 5B. 

[0037] The receive chain will now be described in s 
which an RF signal is received by antenna 58 and cou- 
pled by antenna switch 404 to a tow noise amplifier/fitter 
unit 424. The output of the amplifier/filter unit 424 is cou- 
pled to a first mixer 426, Mixer 426 also receives a sig- 
nal from voltage controlled oscillator 41 8, under control io 
of frequency synthesiser 41 6, and outputs an intermedi- 
ate frequency to an IF filter 428. The immediate fre- 
quency filter 428 provides additional frequency 
selectivity in order to suppress interference from 
unwanted adjacent channels, and to reduce the effects is 
of any phase noise introduced by the local oscillator sig- 
nal from the voltage controlled oscillator 418. The inter- 
mediate frequency filter 428 is coupled to a second 
mixer 430, having a second local oscillator 240 input 
thereto, which downconverts the intennediate fre- 20 
quency signal to baseband, or suitable frequency for 
processing circuitry 406, under control of the second 
oscillator signal from the synthesiser 416. The signal 
from the second mixer 430 is input to the processing cir- 
cuitry 406 for any further demodulation and decoding. 25 
[0038] The audio filter 432, typically comprised in 
an Integrated circuit, receives the demodulated and 
decoded audio signal from the processor 406. The 
audio filter 432 is coupled to an audio power amplifier 
434 which drives a speaker 436. 30 
[0039] A preferred embodiment in accordance with 
a first aspect of the invention will now be described with 
referenced to Figure 5. Radio apparatus housing 64 
includes an antenna switch 404 coupled to the radio fre- 
quency front end of the receive and transmit chains 502, 35 
504 respectively. The radio frequency front end 502 
comprises the low noise amplifier and filter 424, the first 
mixer 446, intermediate frequency filter 428 and second 
mixer 430 together with appropriate inputs from the volt- 
age controlled oscillator 41 8 and frequency synthesiser 40 
416 described in greater detail with reference to Figure 
4. Similarly, the radio frequency front end for the trans- 
mit chain 504, comprises a radio frequency power 
amplifier 420, control circuitry 422 for applying power 
levelling control and modulating the radio frequency car- 45 
rier input to the radio frequency power amplifier 420, 
together with appropriate inputs from the voltage con- 
trolled oscillator 418 and frequency synthesiser 416 
described in greater detail with reference to Figure 4. 
Processing circuitry 406 comprises a demodula- so 
tor/decoder unit 510, for demodulating and decoding 
received signals. The function of the demodula- 
tor/decoder 510 is to output signals to the audio output 
chain 506 comprising the audio fitter 432, audio power 
amplifier 434 and speaker 436. The demodula- 55 
tor/decoder 51 0 will operate in accordance with demod- 
ulation and decoding schemes suitable for the particular 
radio communications system in which the radio tele- 



phone is operating. Since the particular modulation or 
decoding scheme is not relevant to the instant invention 
no further reference to such schemes will be made, 
except to say that the purpose is to output a suitable 
audio signal. Similarly, the processing circuitry 406 also 
comprises an encoder/modulator unit 512 which 
receives an audio/data signal from the audio receive 
chain 508 and suitably encodes and modulates the sig- 
nal ready for outputting to the transmit chain radio fre- 
quency front end 504. For reasons mentioned above, no 
further reference will be made to particular encod- 
ing/modulation schemes. 

[0040] Processing circuitry 406 also comprises a 
signal quality level measuring unit 514, which receives 
an output from demodulator/decoder 510 representa- 
tive of the received signal. The signal quality level meas- 
urement unit 514 may detemnine signal quality in a 
number of ways. For example, the received signal 
strength may be monitored giving a Received Signal 
Strength Indicator (RSSI), or the bit error rate, the signal 
to noise ratio, or carrier to noise ratio of the received sig- 
nal, may be measured. The receive signal quality level, 
for example RSSI, may be stored for comparison with a 
later received signal and/or compared with a threshold 
level. 

[0041] The processing circuitry 406 also comprises 
an antenna beam steering unit 516 for steering the 
beam of antenna 58. In accordance with a preferred 
embodiment of the invention antenna 58 comprises a 
plurality of antenna elements 58i, 582..., 58n, each 
antenna element being driven through respective phase 
delay and gain circuitry 6O1. 6O2, 60n.. The phase delay 
and gain Introduced by respective phase delay and gain 
elements 60j is controlled by antenna beam steering 
unit 51 6. Such antenna anays are often temned "adap- 
tive antennas'. The steerabte beam antenna 58 need 
not comprise an electronically steerabte beam antenna 
having a plurality of antenna elements, but may be 
mechanically steerable, or a combination of mechani- 
cally and electrically steerable. Under control of 
antenna beam steering unit 516, the radiation output 
from antenna 58 may be fomned into a relatively nanrow 
beam, and that beam steered to a desired direction. For 
typical radio communications system networks the 
beam need only be steered in the azimuthat direction, 
that is to say substantially horizontal to the earth's sur- 
face. However of course, the elevation of the beam may 
also be steerable should that be required, although the 
increased complexity required to provide an extra steer- 
able direction may preclude such a feature on commer- 
cial grounds. However, it can be envisaged that certain 
applications, such as satellite communications applrca- 
tions. may require both azimuthal and elevatlonal steer- 
ability. 

[0042] Refemng now to Figure 6, there wilt now be 
described the basic principles of beam fomning using an 
anBy of antenna elements. 

[0043] Rgure 6 shows a unlfomily spaced linear 
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antenna array 602 with an Incident place wave imping- 
ing on the array from an angle 6. The incident wave can 
be described by: 

E(t,r) = Eoexp[i(iat'k • })] s 

where ^ = y (sin Qe^ -cos Qey) 

points in the direction of propagation and ? 
defines the observation point. io 
[0044] Tal<lng into account the time delay due to 
plane wave propagation, the signal at the n-th array ele- 
ment 602n relative to the signal at the 0^^ array element 
Is given by 

15 

x(n) = Eq &cpli(iSit' sin Q)l 

where d is the inter-element spacing. Thus when 
d=Ay2, the phase difference between the outputs of 
adjacent elements produced by a plane wave an^iving 20 
from a direction of G is TisinG , 
[0045] The fundamental function performed by an 
adaptive array antenna 602 is to focus a beam in a par- 
ticular direction for either reception or transmission. The 
operation of antenna array 602 may be viewed as the 25 
spatial counterpart of FIR filtering of a discrete signal in 
the time domain. 

[0046] Commonly, the adaptive array 602 fornis a 
linear combination of the signal received at respective 
antenna elements 602i.n in summation unit 604. Asso- so 
ciated with each antenna element 602] is a weight Wj*. 
which modifies the phase and/or signal amplitude of the 
signal received at respective antenna element 602j. The 
set of weights is typically referred to as the steering vec- 
tor. The steering vector acts as the weights of a spatial 35 
fitter and detemnines the gain of the array in a particular 
direction. In situations where the direction of sources of 
interference are l<nown, interference mitigation is possi- 
ble by placing nulls in the antenna pattern in the direc- 
tions of interference while simultaneously steering the 40 
main beam in the direction of the desired signal. A fur- 
ther discussion of beam forming in phased electroni- 
cally (scanning) arrays may be found in "Antenna 
Theory-Analysis and Design", C Balanis, Harper & Row, 
ISBNo. 06-040458-2. 45 
[0047] Refening now to Figure 7. there is shown a 
base station 104 for a cell 108. Typically, the base sta- 
tion 104 radiates in a consistent beam pattern prefera- 
bly using sectored antennas. Mobile terminals 102 are 
able to monitor the signal quality from base station 1 04, 50 
and from base stations of adjacent cells in order to 
determine whether or not the mobile station 102 should 
hand-off communication with its cun'ent base station 
1 04, to an adjacent base station. The mobile station 1 02 
comprises a steerable beam antenna operable to steer 55 
the antenna beam 702, through a number of directions 
702a... 702g. Although Figure 7 shows the antenna radi- 
ation pattern as being substantially regular In a given 



direction, it should be noted that Figure 7 is a schematic 
illustration and In practice the radiation pattern for the 
antenna will depend upon the nature of the radiating 
antenna and the sun-ounding environment. 
[0048] For mobile station 102 antenna direction 
702a provides the best signal quality, and mobile station 
102 selects direction 702a after having swept through 
antenna directions 702a,,, ^O^g. If mobile station 102 
should move in a direction 704. whilst maintaining Its 
orientation relative to base station 1 04, it can been seen 
that the antenna beam direction for optimal signal qual- 
ity has altered. Thus, it is necessary for mobile station In 
the new position 1 02 to steer the antenna beam on to a 
new direction to form antenna beam 706. 
[0049] In a prefen-ed embodiment of the invention 
the radio communications system is a time division mul- 
tiple access (TDMA) system such as the GSM (Global 
System for Mobiles) cellular network, as will hereinafter 
be described with reference to Figure 8. 
[0050] The GSM cellular telephone network oper- 
ates over an up-link band of 890 to 915 MHz, and a 
down-link band of 935 to 960 MHz, and is commonly 
referred to as GSM 900. An alternative GSM network 
operates at around 1800 MHz and is termed GSM 
1800. The GSM networic uses TDMA, and respective 
up-link and down-links are separated into separate 
radio frequency channels. The earner frequency for 
each channel is separated by 200 KHz from adjacent 
channels, and each of the radio frequency channels is 
divided Into time slots of approximately 577 microsec- 
onds (15000/26 microseconds) duration. These time 
slots are grouped together in sets of eight consecutive 
time slots as one TDMA frame. These frames are then 
grouped together in one of two different ways to form 
multi-frames. The TDMA structure will now be 
described with reference to Figure 8. 
[0051] Figure 8(a) schematically illustrates a single 
TDMA frame having eight time slots with an overall 
duration of approximately 4.615 milliseconds, each time 
slot having a duration of approximately 577 microsec- 
onds. Single TDMA frames may be grouped together to 
fonn either a 26 TDMA frame multi-frame having an 
overall duration of 120 milliseconds as shown in Figure 
8(b). Alternatively, the single TDMA frame may be com- 
bined as illustrated in Figure 8(c) to form a 51 frame 
multi-frame having a duration of approximately 235.38 
milliseconds. Each numbered frame of Figure 8(b) and 
(c) comprises a single TDMA frame of Figure 8(a). The 
26 frame multi-frame illustrated in Figure 8(b) is used for 
traffic channels and their associated control channels, 
and has each slot designated as shown in Figure 8(d) 
where Ti is a time frame number 1 for traffic data, A Is 
dedicated for the so-called slow associated control 
channel (SACCH) and I is an Idle frame. A 51 TDMA 
frame multi-frame Is used for the control channel and is 
shown in Figure 8(e). in which; F is a slot dedicated to a 
frequency correction channel, S indicates a slot for the 
synchronisation channel, B indicates a broadcast con- 
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trol channel (BCCH). C is for the common control chan- 
nel and I is an idle frame. 

[0052] Traffic channels can7 either encoded 
speech or user data, and are transmitted In both the up- 
linlc and down-link direction. The control channels are 5 
transmitted in the down-link direction only, and cany 
signalling and synchronisation data between the base 
station 104 and the mobile station 102. 
[0053] It Is a requirement of the GSM system that 
the BCCM carrier frequency signal is continuously 
transmitted in all time slots without variation of the RF 
power levels, European Telecommunications Standard 
(ETS) 300 578 "European Digital Cellular Telecommuni- 
cations System' (phase 2): radio subsystem link control 
(GSM 05.08), page 18. Maintaining transmission of the 
BCCH carrier is intended to enable mobile stations to be 
able to measure the received signal level from sun-ound- 
ing cells by tuning and listening to their respective 
BCCH canriers. Provided that the mobile station is able 
to tune to a list of BCCH carriers indicated by the net- 
work, it will be able to listen to all possible surrounding 
cells providing that its list is sufficiently complete. This is 
useful for the purposes of handover and to detemilne 
the appropriate cell with which to communicate based 
upon the received signal level. 
[0054] It is known that speech has a non-continu- 
ous nature, and that therefore speech channels carry 
only one direction of the conversation between two peo- 
ple at any one time. Thus, on average the channel will 
only be carrying speech for less than half the time it is in 
use. This fact is exploited in GSM by using discontinu- 
ous transmission (DTX). In discontinuous transmission 
only speech frames which contain samples of "active" 
speech are transmitted. Discontinuous transmission Is 
implemented using a voice activity detector, labelled 
414 In Figure 4, to detemnine when actual speech is 
present. However, an entirely silent period Is disconcert- 
ing to a listener since not even background noise asso- 
ciated with the transmitting party is heard. The sudden 
switching from voice, including background noise, and 
silence Is disturbing to a receiving party. In order to 
overcome this problem the silent frames are replaced by 
frames filled with so called "comfort noise" which is set 
to match the amplitude and spectrum of the background 
noise. Processing circuitry 406 is adapted to analyse 
the background noise associated with a transmitting 
party. In order to detennine the comfort noise Informa- 
tion. The comfort noise infonmation is then sent in the 
silent period in so called silence identification (SID) 
frames, to the receiving party (via base station 104 or 
mobile station 102) where the noise is regenerated. The 
"comfort noise' infomriation is sent periodically In the 
silent period and does not necessarily take up the whole 
of the silent period. In accordance with embodiments of 
the invention, advantage Is taken of the existence of 
silent periods, and the periodic or non-continuous trans- 
mission of "comfort noise" information. During silent 
periods, a mobile station in accordance with an aspect 



of the invention is able to monitor the BCCH canrier fre- 
quency signal in order to determine the received signal 
quality level, e.g. RSSI, 

[0055] Referring now to Figure 9, there is schemat- 
ically illustrated a block diagram of an adaptive antenna 
anBy 602 controllable by a suitably configured process- 
ing means providing control circuitry 902 such as the 
antenna beam steering unit 516 implemented as a Dig- 
ital Signal Processor, general purpose microprocessor 
or logic circuitry. The control circuitry received "raw" or 
unweighted signals ri(k)-rM(k) from respective antenna 
elements. The control circuitry 902 Is configured to 
operate in accordance with an adaptive algorithm for 
driving the antenna array 602 and controlling the 
weighting (wj) circuitry 904. The weighted output from 
each antenna element is linearly combined in adder 
906, to produce an output y(k). 
[0056] The BCCH can'ier signal referred to in con- 
nection with the GSM system has a constant power 
level output. For these types of signals advantage can 
be take of the a priori knowledge of this characteristic 
and the adaptation algorithm designed to achieve a 
desired steady state response from the an^. For a pre- 
fenred implementation of the invention, a Constant Mod- 
ulus Algorithm (CMA) is utilised as the perfomriance 
criteria that governs the process of adaptively updating 
the weight vectors 904| of the individual element 602| of 
the array 602. 

[0057] The constant modulus adjusts the weight 
vector 904 of the adaptive array 602 so as to minimise 
the variation of the envelope of the desired signal at the 
anBy. After the algorithm converges, a beam is steered 
in the direction of the signal of interest, and nulls may be 
placed in the direction of any interference. 
[0058] An alternative embodiment in accordance 
with the invention will now be described with reference 
to Figure 10, which Illustrates an adaptive antenna an^y 
system 1 000 suitable for including in a mobile station for 
a radio communications network. The adaptive antenna 
an^y system 1000 comprises three basic sections; a 
baseband processing section 1002, a signal digitisation 
and conditioning section 1004 and an RF front end 
1006, In this embodiment, the adaptive an-ay 602 com- 
prises three antenna elements 602o, 602^ and 6022- 
The adaptive antenna anBy system 1000 is controlled 
by a digital signal processor 1008 of the type 
TMS320C541 made by Texas Instruments Incorpo- 
rated, Digital signal processor 1 008 controls the base- 
band processing for the mobile station, including 
fonwarding recovered audio to a speaker, and receiving 
audio from a microphone Input. In addition to performing 
the baseband processing for the mobile station, digital 
signal processor 1008 also implements the constant 
modulus algorithm described above for obtaining a 
steady state of response from the antenna array 602, 
thereby tracking the constant level signal such as the 
BCCH signal of a GSM radio telephone network. Digital 
signal processor 1008 may also be configured to per- 
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form other processes or algorithms, such as a set-up or 
an initialisation process for establishing communication 
with a base station of a radio network In advance of 
tracking the optimum signal from that base station. 
[0059] Although Rgure 10 illustrates the receive s 
path for the adaptive antenna array system, It will be evi- 
dent to a person of ordinary skill in the art that a transmit 
path may suitably be constructed using similar or suita- 
bly modified elements, based on the principles of reci- 
procity. The adaptive antenna array system 1000 io 
comprises a separate signal path corresponding to 
each of the antenna elements 602o... 6022- Operation of 
the adaptive antenna array system 1000 will now be 
described with reference to one of the received signal 
paths. 15 
[0060] Antenna element 602o is coupled to a first 
band pass filter 1010, which acts to discriminate a 
received signal, from other unwanted signals falling out- 
side the received band. The band pass filter signal is 
forwarded to an amplifier 1012, typically a low noise 20 
amplifier, and then forwarded on to mixer 1014. A local 
oscillator 1016 provides a second Input to mixer 1014 
and arts to down-convert the received signal to a target 
intemiediate frequency which is then input to a second 
band pass filter 1 01 8. Band pass fitter 1018 acts to dis- 25 
criminate the target intermediate frequency signal, from 
other co-channel signals and other sources of Interfer- 
ence. The intemiediate frequency signal is then for- 
warded to an intermediate frequency amplifier 1 020 and 
then to an analogue digital converter 1024 which is 30 
clocked in accordance with system clock 1022. Ana- 
logue digital converter 1022 provides a 12 bit output to 
digital to digital converter 1026. The digital to digital 
converter 1026 provides a 1 6 bit input suitable for digital 
signal processor 1 008, over the digital signal processor 35 
back-plane interface 1009. 

[0081] Digital signal processor 1008, operating in 
accordance with the constant modulus algorithm 
described above (or other suitable algorithm) controls 
the beam formed by antenna array 602 to receive the 40 
optimum signal. In the adaptive array system 1000 of 
Figure 10. control of the phase and/or amplitude of sig- 
nals received for respective antenna elements may be 
effected by local oscillator 1016. By adjusting the phase 
and/or amplitude of the local oscillator 1 01 6 signal the 45 
digital signal processor 1008 can modify the phase 
and/or amplitude of the resulting intermediate fre- 
quency signal. In accordance with the principle of reci- 
procity, the same may be achieved in the transmit signal 
path direction. Thus by appropriately adjusting the local so 
oscillator phase and/or amplitude of respective local 
oscillators 1 01 6 the weight factors of the adaptive anay 
may be modified. 

[0062] Optionally, the adaptive antenna array sys- 
tem illustrated In Rgure 10 may be modified to have 55 
only one received signal path, and to have each 
antenna element associated with a separate weight 
adapter, wherein respective signals received by respec- 



tive antenna elements are summed prior to being for- 
warded through the rest of the RF front end. Such a 
configuration is as illustrated In Figure 9, For the config- 
uration of Figure 9, the digital signal processor 1008 
would operate directly on the weight factors 904 to 
adjust the phase and/or amplitude of respective signals 
received from respective of antenna elements. Although 
the particular configuration of the adaptive antenna 
array system may vary, the principle of operation of 
steering and controlling an adaptive antenna array sys- 
tem will be evident to a person of ordinary skill in the art. 
[0063] leaving now described various embodiments 
of adaptive antenna array systems and configurations 
for controlling and fomr^ing beams from such antenna 
anays, an algorithm for setting up and controlling a 
steerable antenna in accordance with an embodiment 
of the present invention suitable for a GSM radio net- 
work system or the like, will now be described with ref- 
erence to the flow chart illustrated in Figure 1 1 . 
[0064] The flow chart of Figure 1 1 starts at step 
1 102 to initiate the first mode of operation, and the gain 
and phase of gain and phase delay circuitry 6O1... 60n of 
the embodiment of Figure 5 (or suitable weight factors 
904 of the embodiment illustrated in Figure 10) are set 
for an omni-directional beam pattern as illustrated In 
Figure 12(a). With an omni-directional beam pattern, a 
mobile station 102 is able to make communication with 
a least one base station 1 04, and typically more than 
one base station associated with respective cells within 
whose influence the mobile station 102 is located. At 
step 1106 the baseband circuitry comprised In the 
processing circuitry 406 of the embodiment illustrated in 
Figure 5, or the digital signal processor 1008 of the 
embodiment illustrated in Figure 10, decode the BCCH 
signals received from respective base stations in order 
to detemnine their signal quality. Typically the measure 
of signal quality is a measure of the RSSI of the 
received signal. The mobile station 102 sets its receive 
carrier frequency to the selected base station, typically 
that providing the greatest RSSI, at step 1 108. At step 
1110 the signal quality may be measured again, typi- 
cally the signal strength, and the value "N" stored. 
[0065] At step 1112, the mobile station processing 
circuitry 406 determines whether or not a SID frame is 
present in the received traffic channel. If no SID frame is 
present then the process flow may return to step 1 102, 
and the omni-directional beam pattem as Illustrated In 
Figure 12(a) maintained. If a SID frame is present then 
the yes ami of decision block 1 1 12 is processed and the 
process flows to step 1 1 1 4 in which the gain and phase 
for the gain and phase delay circuitry 60 (weight factors 
904) are set for a beam width of zero to 180'', with a 
bore-sight direction X = 90° relative to a suitable refer- 
ence plane of the mobile station 102, as illustrated in 
Figure 12(b), Process control then flows to step 1116 
where the RSSI of the received CCH signal from the 
selected base station is stored as value 'Mx*. Control of 
the mobile station 1 02 then flows to decision block 1118 
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where it is determined whether or not the stored RSSI 
value MX is greater than the stored RSSI value N. 
[00661 For MX greater than N control flows to step 
1126, otherwise control flows to step 1120 where the 
gain and phase of the gain and phase delay circuitry 60 
(weight factors 904) are set for a beam width from 1 80* 
to 360**, where the bore sight direction X equals 270® as 
shown in Figure 12(c). Control then flows to step 1122 
where the RSSI value MX of the BCCH signal of the 
selected base station is stored for the current antenna 
beam pattern. The stored value MX Is then compared 
with the stored RSSI value N at step 1 124. If RSSI value 
MX is less than N then control flows back to 1 104. How- 
ever, if MX is greater than N then the value of MX is 
assigned to N, and the new value N is stored at step 
1 1 26. Process control then flows to step 1 1 28 where the 
gain and phase of gain and phase delay circuitry 60, or 
the weight factors 904, are set to form a beam width 
from X - 90'' to X. A new boresight direction X is then set 
to equal the previous value for X - 45'' as illustrated in 
Figure 12(d). The process then flows to step 1130 
where the RSSI value MX is measured and stored. The 
process then flows to decision block 1 132. 
[0067] At decision block 1 132 the cun-ent value of 
MX is compared with the current value assigned to N to 
determine whether or not MX is greater than N. If MX is 
greater than N then flow control jumps to step 1140. 
Othenfl^ise flow control proceeds to step 1 1 34 where the 
gain and phase of the gain and phase delay circuitry 60 
or weight factors 904, are set to fomri a beam width of X 
to X + 90°, where X is assigned a new value equal to the 
old value X + 45° as shown in Figure 1 2(d). Control then 
flows to step 1136 where the RSSI is measured and 
assigned to MX and stored. Process control then flows 
to decision block 1 138 where it is determined whether 
or not MX is greater than N. If no, then the process con- 
trol flows back to the start of the process, step 1 1 04 and 
if yes flows to step 1 1 40 at which point the cun^nt value 
MX is assigned to N. The process control then flows to 
decision block 1142. 

[0068] Process control steps 1 102 through to 1 140 
have Initialised and set up the steerable beam antenna 

for the optimum beam direction for communication with 
the base station 104 designated for the mobile station 
102. 

[0069] The mobile station 102 now can be config- 
ured to operate in a second mode In which the optimum 
beam direction is tracked in order to maintain optimum 
communication with the base station as the mobile sta- 
tion 1 02 changes its orientation with respect to the base 
station 104. In a prefen^ed embodiment tracking is 
achieved by steering the beam either side of the 
recorded optimum signal direction, e.g. ± 30** to meas- 
ure signal quality in those directions. 
[0070] Having established an optimum communica- 
tion link with a base station, it is necessary to detennine 
whether or not there has been a request to hand off to 
another base station 104. Such an Investigation may be 



initiated by the fact that the orientation of the mobile sta- 
tion as shown in Figure 13(a) has changed and the 
antenna beam is no longer pointing directly at the base 
station 104. If it is determined that the base station has 

5 instructed a change In the base station with which the 
mobile station is communicating, then control of the 
process returns to the start, step 1102, and the base 
station either instructs the mobile station to enter the 
omni-directional mode, or the mobile station does it 

10 automatically when instructed to change base station. 
Then the optimum antenna direction for the new base 
station is detemnined. Otherwise, when there is no 
change in base station, the process control flows to step 
1 144 where it is determined whether or not a SID frame 

75 is present in the traffic signal received by the mobile sta- 
tion 102. If no SID frame is present in the received traffic 
signal then the process flow control returns to step 1 142 
where a change in the base station is monitored. Other- 
wise, the gain and phase delay values for the gain and 

20 phase circuitry 60, or the weight factors 904, are set to 
provide a beam width from X - 75** to X + 15° as shown 
in Figure 13(b). Process control then flows to step 1 148 
where the RSSI value MX . 30 the direction X - 30° is 
detemnined, and stored. At step 1150 it is determined 

25 whether or not MX - 30° is greater than N. If yes then at 
step 1 152 X is assigned the value X - 30° and N is set to 
equal MX - 30. 

[0071] Process control then flows to step 1142 in 
order to begin the tracking process again. However, if 

30 MX . 30 is not greater than N then process control flows 
to step 1154, and the gain and phase of the gain and 
phase delay circuitry 60, weight factor 904, is set to pro- 
vide a beamwidth extending from X - 15° to X + 75° as 
shown in Figure 13(c). The process then flows to step 

35 1 156 where the RSSI value MX + 30° for the direction X 
+ 30° IS measured and stored. The value MX + 30° is 
then compared with N to determine which is the greater. 
If MX + 30° is greater than N then process control flows 
to step 1 1 60 where X is assigned the value X + 30 and 

40 N is assigned the value MX + 30°. Otherwise process 
control flow returns to step 11 42. 
[0072] An adapter antenna an^y, or other forni of 
steerable antenna operated in accordance with the fore- 
going described process Is able to identify an optimum 

45 beam direction, and track at optimum beam direction as 
the orientation of the mobile station is changed. 
[0073] In the foregoing process the directional 
beam has been utilised to reject multipath beam recep- 
tion, that is to say reception of beams which due to the 

50 environment and reflections from objects in the environ- 
ment have taken multiple paths to anrive at the mobile 
station. In this manner the perfomiance of the mobile 
station may be significantly improved. Due to the princi- 
ple of reciprocity, there is a con-esponding improvement 

55 in the signals received by the base station, or a lower 
transmit power for the same perfomnance. 
[0074] It will be appreciated that the process 
described above for identifying and tracking the opti- 
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mum antenna beam direction is a 'bacl<ground' process 
for the mobile station 102, and may be Interrupted at 
appropriate points in order for other operations of the 
mobile station 1 02 to be performed. 
[0075] In an alternative embodiment decision 5 
blocks 1 11 8, 1 1 24, 1 1 32, 1 1 38,1 1 50 and 1 1 58 also com- 
prise a test for whether a SID frame is still present or 
not. If a SID frame is still present then the process flow 
continues. However, if a SID frame is not present then 
the process flow is stalled until a SID frame is present io 
again. As mentioned above, the process flow In this 
alternative embodiment is a "background" process and 
may also be stalled at appropriate points in order for 
other operations of the mobile station 102 to be per- 
formed. 15 
[0076] The foregoing description Is in respect of a 
GSM radio telephone system. An embodiment of the 
present invention may also be utilised in a CDMA radio 
telephone system. 

[0077] A brief description of the general principles 20 
of CDMA will now follow, with reference to Rgures 14 
and 15 of the drawings. A data signal as shown in Fig- 
ure 14(a) is modulated by a CDMA spreading code illus- 
trated in Figure 14(b). Although only a data signal is 
illustrated in Figure 14(a), the data signal may previ- 25 
ously have been modulated by an RF carrier signal. 
However, in the case of a digital signal, it is usually the 
fact that data modulation is omitted and the data signal 
is directly multiplied by the code signal which modulates 
the carrier freq uency. so 
[0078] The result of the spreading code multiplied 
by the data signal is illustrated in Figure 1 4(c). The code 
signal consists of a number of code bits called "chips" 
which can be either +1 or -1 . In order to obtain a suitable 
spreading of the data signal, the chip rate of the code 35 
signal must be much higher than the chip rate of the 
information or data signal. A figure of 10 code chips per 
data or infomnation signal is a typical ratio, resulting in a 
processing gain of 1 0. The spread signal as illustrated 
in Figure 14(c) is then transmitted. 
[0079] Referring now to Rgure 1 5. there is provided 
a simplified diagram of a CDMA system. A data signal 
1 502 and code signal 1 504 originating from code gener- 
ator 1506 are Input to mixer 1508, The spread data sig- 
nal 1510 is then input to modulator 1512 for modulating 45 
a radio frequency easier. The modulated signal 1514 is 
then transmitted into the environment which is modelled 
as a multi-path channel 1516. 

[0080] In the example illustrated in Figure 15, the 
radio propagation environment is modelled as three so 
separate channels having different delays x^, X2 and T3 
with corresponding attenuation factors a^, 82 and 83. 
The three separate multi-path signals effectively com- 
bine, 1518, at the antenna for the receiver and are for- 
warded to the demodulator 1 520. ss 
[0081] The signal from the demodulator is input to a 
so-called RAKE receiver 1522, which has a finger for 
each multi-path component it is desired to decode. The 



signal 1524 output from the demodulator 1520 is split 
into each of the fingers, 3 in the present example, and 
forwarded to respective mixers 1526, 1528 and 1530. 
Input to respective receivers 1526, 1528 and 1530 are 
respectively delayed spreading codes CfTx^), C(T-T2) 
and C(T-T3), where the spreading code C corresponds 
to that in code generator 1506. The signal output from 
respective modulators is input to respective gain cir- 
cuitry a-i, 32 and 83, corresponding to the attenuation 
experienced in the multi-path environment. The attenu- 
ated signals 1532, 1534 and 1536 are then combined at 
1 538 and forwarded to further demodulation and coding 
circuitry of the receiver. 

[0082] CDMA systems utilise the reception of multi- 
path signals, whereas TDMA systems, such as the 
GSM system described above, seek to reject multi-path 
signals. A RAKE receiver, such as described with refer- 
ence to Figure 15, receives the multi-path signals and 
correlates them with the receiver spreading code in 
order to coherently combine them to provide a single 
received signal at the output of the RAKE receiver, in 
order to optimise a received signal in a CDMA system, 
the beam pattern may be configured during a beam set- 
up procedure to take into account the desire to optimise 
for multi-path signals. Once the beam pattern has been 
defined, then realigning the beam pattern in order to 
track the optimum configuration for changes in orienta- 
tion of the mobile station 102 is similar to that as 
described above for the GSM system. That is to say, the 
output from the RAKE receiver is monitored in order to 
maintain maximum received signal strength. 
[0083] Such a foregoing method is based on the 
assumption that the mobile station stays substantially in 
the same position within the multi-path environment 
whilst changing its orientation. However, if the mobile 
station 102 should move a sufficient distance within the 
multi-path environment, such that the direction of the 
received signals are significantly changed, then it may 
be necessary to enter a set-up procedure again in order 
to first find the antenna beam configuration for receiving 
optimum signal strength, and then subsequently track- 
ing the signal strength as the orientation of the mobile 
station 102 is varied. 

[0084] For a mobile station 1 02 disposed in a multi- 
path environment, there is a con*elation between the 
delays used In the RAKE receiver for correlating each 
multi-path signal with the receiver spreading code, and 
a direction of arrival of the con-esponding multi-path sig- 
nal. Thus it is possible, to at least a first order approxi- 
mation, for the beam pattern to be configured for 
maximum received signal strength on the basis of the 
delays for respective multi-path signals. Examples of 
suitable beam pattern configurations for various time 
delays between multi-path signals are illustrated in Fig- 
ures 1 6 to 20, 

[0085] Figure 16 schematically illustrates a MS 102 
and BS 104 communicating within a multi-path environ- 
ment. The multi-path environment is defined by reflec- 
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tors 1601 and 1602. The MS 102 receives a direct or 
primary signal Tq and two indirect or reflected signals 
and T2. The primary signal path Tq wiil be used as a ref- 
erence path or signal. In the Example of Figure 16, both 
the primary signal and reflected signals are Incident at 
the MS 102 from directions within the same sector as 
the primary path signal Tq. Thus, there Is a very small 
difference in the time delays utilised by the RAKE 
receiver and correlating the reflected signals Ti and T2 
with the primary path signal Tq. Since the signals all 
arrive within the same sector as each other, it is possi- 
ble to configure a single nanx>w lobe beam pattern for 
maximising received signal strength. Thus, there is 
found a congelation between small time delays utilised in 
the RAKE receiver and a nanrow beam-width pattern 
such as illustrated in Figure 16. 
[0086] For the multi-path environment Illustrated in 
Figure 17, the reflectors 1603 and 1604 forming multi- 
paths Ti and Tg respectively, are disposed further away 
from BS 104 compared to the environment illustrated in 
Figure 16. Thus, multi-paths T^ and T2 are no longer 
approximately equal as is the case in Figure 16, but 
merely similar to path Tq. In this instance, the delays 
applied in the RAKE receiver are greater than those 
used In the situation Illustrated In Figure 1 6. Addrtionaliy, 
the multi-path signals arrive from a broader angle of 
direction than before and consequently the beam pat- 
tern configuration requires expansion in orderto maxim- 
ise the received signal. Suitably, the beam pattern is a 
180'' beam pattern having a bore sight substantially on 
the primary path Tq. For a situation such as illustrated In 
Figure 17, a set of delays applied In the RAKE receiver 
may be set to con'espond to a need for a broad 180** 
beam pattern. 

[0087] Tuming now to Figure 1 8, there is illustrated 
a situation where one of the paths, T-i is much greater 
than the primary signal path Tq. Multi-signal path T2 is 
approximately equal to primary path Tq. In the situation 
illustrated in Figure 18, the direction of the primary path 
signal Tq is first identified. The identification of the sec- 
tor In which the Tq primary path signal occurs may be 
attained by a suitable setup routine, such as described 
for the GSM system with reference to the flowchart of 
Figure 11 . For such a setup routine, a relatively narrow 
beam-width pattern is established in the direction of the 
greatest received signal strength which becomes the 
primary path direction. Once the beam pattern for the 
primary path signal is established, which in the example 
illustrated in Rgure 18 also Includes multi-path T2, then 
the direction of the signal con'espondingto a large delay 
needs to be identified. However, a signal having a delay 
such as that illustrated in Rgure 1 8 may also comprise 
a signal path designated T2 in Figure 19. Thus, the 
delay of the secondary signal In Figures 1 8 and 1 9 does 
not provide information regarding the direction of arrival 
but only the magnitude of the angle of offset relative to 
the direct path signal Tq. Thus, for signals having a large 
delay, the antenna beam patterns as Illustrated In Flg- 
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ures 18 and 19 should be respectively utilised, and the 
one with the higher signal strength selected for opera- 
tion. Thus, signals having large delays correspond to 
two different antenna beam patterns as illustrated in 

5 Figures 18 and 19. 

[0088] Figure 20 Illustrates a situation where both 
delayed signal paths T^ and T2 an-ive at MS 102 from 
directions which Involve considerable delay relative to 
the direct signal path direction Tq. As illustrated in Fig- 

10 ure 20, the delays for the signal paths T^ and T2 are 
effectively a combination of the scenarios illustrated in 
Figures 1 8 and 1 9. However, it is possible that the signal 
path delays are increased even further and that the 
delayed signals amve at the MS 102 from the opposite 

15 direction to BS 104, and thus an antenna beam pattern 
configuration utilising rear lobes Is necessary to fully 
optimise received signal strength. 
[0089] As will be evident from the foregoing discus- 
sion with reference to Figures 16 to 20, it is possible to 

20 derive a set of antenna beam configurations for optimis- 
ing received signal strength, corresponding to the 
delay(s) utilised by the RAKE receh^er when corelating 
the multi-path signals. Once a suitable beam pattern 
has been defined, then providing the MS 102 remains 

25 substantially In the same place within the multi-path 
environment, changes in orientation for the MS 1 02 may 
be tracked as described with reference to the flowchart 
of Figure 1 1 . Should the MS 102 change position within 
the multi-path environment, make a rapid change in ori- 

30 entation or the RAKE receiver delays vary beyond 
detemnined limits, it will be necessary to set up the 
antenna beam configuration for optimum received sig- 
nal strength again. 

[0090] The absolute difference between the time of 

35 an-ival of a primary signal and a multi-path signal, for a 
given received angle of incidence, is dependent upon 
the distance between the mobile station 102 and the 
base station 104. The greater the difference between 
the mobile station and the base station then the greater 

40 the delay between the time of arrival of the primary path 
signal and the multi-path signal. Thus, relying on the 
delay alone in orderto determine the angle of incidence 
of a received multi-path signal relative to the primary 
path signal may result in an error in evaluating the angle 

45 of incidence. However, in a CDMA system, the BS 104 
operates on receiving signals of substantially the same 
power level for all MS 1 02 with which it is communicat- 
ing. In orderto achieve this, the BS 104 transmits power 
control signals to the MS 102 with which it is communt- 

50 eating, indicating which power level they should be 
transmitting on, In order for the BS 104 to receive sig- 
nals having substantially equal power levels. Thus, the 
MS 102 has infomnation corresponding to the distance 
from the BS 1 04 by virtue of the power control level sig- 

55 nal received from the BS 1 04. This distance infomnation 
may be utilised to normalise the angle of incidence, cal- 
culated with respect to the delay, to produce a so-called 
'spreading factor" A. The spreading factor A normalises 
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the delay information and the distance information 
derived from the transmitted power level for the MS 1 02. 
The spreading factor A can then be utilised as a factor 
by which the evaluated delay may be multiplied, in order 
to detenmlne which of a set of predetemnlned antenna 
beam patterns should be used to optimise received sig- 
nal power level. In the present example, the larger the 
spreading factor A, the smaller the angle of amval of 
incidence of the multi-path signal relative to the primary 
path signal. Thus, for a large spreading factor, a rela- 
tively narrow beam pattern (for example 90"" beam 
width) may be utilised. If, however, the spreading factor 
is small, that is to say the transmit power level from the 
MS 102 is small indicating that the separation of the MS 
102 and BS 102 is small, and the delays applied to the 
RAKE receiver are large, it will be indicated that the 
multi-path signals are incident on the MS 102 at large 
angles of Incidence In which instants, one would estab- 
lish a relatively large beam width antenna pattern, (e.g. 
180*). The principle will also apply to situations where 
there are very large values for the spreading factor A 
and very large values for the delay applied to the RAKE 
receiver. In such an incidence, the multi-path signals 
are Incident from behind the MS 102 relative to the 
direction of the BS 104 and it would be necessary to 
generate a beam pattern which was either omni-direc- 
tional or directed to a 270° pattem orto a complex beam 
pattern such as that shown in Figures 1 8 to 20. 
[0091] The process for setting up and controlling a 
steerable antenna for a CDMA system Incorporating the 
use of a spreading factor a, will now be described with 
reference to the flow chart illustrated in Figure 21 . 
[0092] The process control starts at step 21 02 and 
proceeds to step 2104 where the antenna boreslght 
direction, X, Is set to zero. At step 21 06, the gain and/or 
phase of delay elements 60 are set for an omni-direc- 
tional beam pattern as illustrated in Rgure CI. At step 
2108, the received synchronisation signals are coded 
and the primary path Tq is established. Next, step 21 1 0. 
the spreading sequence for the MS 102 is set to that 
defined by the base station for the particular communi- 
cation channel in use. At step 21 12, the received signal 
strength from the output of the RAKE receiver is meas- 
ured and stored as N. Additionally, the spreading factor 
A is set. Next, the process control flows to step 21 14 at 
which it is detennined whether or not a SID frame or an 
end-of-packet footer is present in the received infomna- 
tion signal. If no such frame or footer is present, then the 
process flow returns to step 2106. However, if a SID 
frame or end-of-pacl(et footer is present, then process 
control flows to step 21 1 6 where the gain and phase dif- 
ferences for the antenna is set to produce an antenna 
beam pattern having 180° beamwidth and boreslght 
direction of 0° as shown in Figure C2. Next, step 21 18, 
the received signal strength is measured from the out- 
put of the RAKE receiver and stored as value MX, 
where X Is the antenna boreslght direction. 
[0093] At step 21 20. it is determined whether or not 



MX is greater than N. If not, then the process control 
flows to step 2122 where the antenna boreslght direc- 
tion X is set such that X=X+180° to produce the 
antenna beam pattern as shown in Figure C3. At step 

5 21 24, the received signal strength from the output of the 
RAKE receiver is measured and stored as value MX. 
Again, at step 2126, the value MX Is compared with 
value N to determine whether or not MX is greater than 
N. If not, then the process control flows back to step 

10 2106 where determination of a prefen-ed or predomi- 
nant direction for received signals is restarted. Next, 
step 2128, the process flow proceeds from step 2126 or 
a "yes" decision and also from step 2120 for a "yes" 
result. At step 21 28, the value N is set to equal the value 

75 MX. At step 2130, it is determined whether or not the 
delay of one or other of the multi-path signals T^ , Tg with 
respect to the primary signal Tq, in absolute terms, is 
less than the chip duration multiplied by the spreading 
factor A. The product chip duration multiplied by A is a 

20 threshold value for the delays in multi-path signals with 
respect to primary path signals, and may be derived by 
relationships other than that illustrated. A "yes" result at 
step 2130 would indicate that either the delays were 
small, and thus the multi-path signals were an-iving from 

2S substantially the same direction as the primary path sig- 
nal con^esponding to the antenna beam button illus- 
trated in Rgure C2 or Rgure C3 where the primary 
signal path direction is given by X which in the particular 
Examples is 0° or 180°. For a "yes" result, the process 

30 control flows to step 2146 where it is detennined 
whether or not the beam can be nan'owed to focus onto 
a particular direction for received signals. If the result at 
step 2130 is "no", then the process control flows to step 
2132 where the antenna boresight direction is shifted to 

35 90° as shown in Figure C4, by setting X = X-90° . At 
step 2134, the signal strength output from the RAKE 
receiver is measured and stored as value MX. The proc- 
ess control then flows to step 2136 where it is deter- 
mined whether or not MX Is greater than N, the 

40 previously stored value of the received signal strength 
output from the RAKE receiver. 
[0094] If the result of step 2136 is "yes" then proc- 
ess control flows to step 2144 where N is set to the 
value MX. If the result from 2136 is "no", then process 

45 control flows to step 21 38 where the antenna boresight 
direction is changed to be 270° as shown in Figure C5, 
by setting X=X+180° . At step 2140, the signal strength 
output from the RAKE receiver is measured and stored 
as value MX. At step 2142, it is detennined whether or 

50 not MX is greater than N. If the result of the step 2142 is 
"no", process control returns to step 2106, and if the 
answer is "yes" the process control flows to step 2124 
where N is set to equal MX. Thus, it is detennined 
whether the optimum received signal lies in the half- 

55 plane having its boresight direction at 90°, or at 270°. 
[0095] At step 21 46, the process flow proceeds for 
the optimum signal direction having been established as 
oocun-lng in the half-plane determined by 0° or 180° as 
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shown in Figures C2 and C3, respectively. At step 2146, 
the value N is set to be value MX, as detemnined for 
respective half-planes having boresight 0° or 180°. 
Process control then flows to step 2148 where the gain 
and/or phase differences for the elements 60 are set to 
produce a beamwidth within the quadrant X-90° to X*^ 
having a boresight direction along the centre of that 
quadrant, as shown In Rgure C6 with the boresight 
direction X set to be X-45. At step 2150, the received 
signal strength output from the rate receiver is meas- 
ured and stored as value MX. At step 2152 it is deter- 
mined whether or not MX Is greater than N. If the result 
of step 2152 is "yes* then the process control flows to 
step 21 60, otherwise process control flows to step 21 54 
where the gain and/or phase differences of element 60 
are set for a beamwidth from X to X+90° as shown in 
Figure C7 with a boresight direction in the centre of the 
quadrant, such that X=X+45° . At step 2156, the 
received signal strength output from the RAKE receiver 
is measured and stored as value MX. At step 21 58. it is 
determined whether or not MX is greater than N. If the 
result at step 21 58 is "no", then the process control flow 
returns to step 21 06, othenwise process control flows to 
step 2160 where N is set to equal MX. At step 2160, 
process flow control originates from either step 2158, 
2152 or 2144. 

[0096] Process control flows from step 21 60 to step 
2162 where it is detemnined whether or not there has 
been a change in base station or a change in the 
spreading sequence for communication with the base 
station 102. If the result at step 102 is "yes' then proc- 
ess control returns to step 2106 and the setup process 
restarts. If the result of step 2162 is "no", then process 
control flows to step 2164 where it is detemriined 
whether or not a SID frame or end-of-packet frame is 
present In the received data. If the result of step 21 64 Is 
"no" then process control returns to step 2162, other- 
wise, process control flows to step 2166 where the 
antenna boresight direction X is reset to be X=X-30° 
and the received signal strength output from the rate 
receiver Is measured at step 21 68, and the value stored 
with the label MX-30. Process control then flows to step 
2170 where it is determined whether the value stored 
under the label MX-30 is greater than N. If the answer is 
"yes", then at step 2172, N is set to equal the value cor- 
responding to label MX-30. For a result "no", then at 
step 21 74, the antenna boresight direction X is set to be 
X=X+30°, and at step 2176, the received signal 
strength output from the RAKE receiver is measured 
and stored under label MX+30. Next, at step 2178, it is 
determined whether the value stored under label 
MX+30 is greater than N. If the answer at step 2178 Is 
■yes", then at step 2180, N is set equal to the value cor- 
responding to MX+60 and process control flows to step 
2162. If the answer is "no", then at step 2182, the 
antenna boresight direction is set to be equal to 
X=X-30 and process control flows to step 21 62. 
[0097] As can be seen from the flowcharts, steps 



2102 to 2160 comprise the antenna beam setup proc- 
ess, and step 21 62 to 21 82 comprise the steps for track- 
ing the optimum antenna beam direction. 
[0098] In another Example In accordance with a fur- 

5 ther aspect of the present invention, a directional sensor 
70 is included in the handset 50 of mobile station 102. 
Sensor 70 is a directional sensor capable of detennin- 
ing a change In azimuthal orientation relative to a start- 
ing point. As illustrated in Figure 5. sensor 70 is coupled 

10 to microprocessor 406, which receives signals indica- 
tive of a change In azimuthal orientation detemnined by 
the directional sensor. Microprocessor 406 Is operable 
to receive the signals from sensor 70 and to process 
them in order that they may be utilised in accordance 

15 with an embodiment of the invention for assisting in 
detemnining an appropriate beam pattern for receiving 
an optimum signal. The process for setting up and con- 
trolling a steerable antenna in a CDMA system, for a 
MSI 02 including a sensor 70 is illustrated in the flow- 

20 chart of Figure 22. Since many of the steps illustrated in 
the flowchart of Figure 22 are the same as for the flow- 
chart of Figure 21 , like references will be used to Identify 
like steps. 

[0099] Referring now to Figure 22, after the control 
25 process has been initiated at step 2102. the antenna 
boresight direction X is set to equal Djq which is the ori- 
entation of the MS 102 detemriined by the sensor 70 at 
a reference time, time 0. Having detennlned the refer- 
ence direction by means of a sensor 70, the process 
30 flows from step 21 06 through to step 21 60 in the man- 
ner as described with reference to Figure 21. However, 
after step 2160, another orientation reading is taken at 
step 21 04, The new direction is designated Dj^, and the 
change in orientation, Rd is given by the following equa- 
ls tion, Rd=l(Dj^-DyQ)l . At step 2162, it is detemnined 
whether or not there has been a change in the base sta- 
tion, a change in spreading sequence or whether the 
change in orientation, Rd, is greater than 60"*. If the 
result at step 21 62 is "yes" then process control returns 
40 to step 2106 where setup of the steerable beam 
antenna is restarted. If the result of step 2162 is "no", 
then at step 2206, the antenna boresight direction X is 
set to be X=X-( Dt^-D jq) . Step 2206 takes into 
account the effect of the change in orientation as meas- 
45 ured by sensor 70 in order that the antenna beam pat- 
tern is still directed onto an optimum receive signal 
direction. 

[01 00] steps 21 64 to 21 82 are executed in accord- 
ance with the correspondingly referenced steps of flow- 

50 chart illustrated in Figure 21. 

[0101] Although the use of a sensor 70 for identify- 
ing changes In orientation has been described with ref- 
erence to a CDMA system, it will be evident to a person 
of ordinary skill in the art, that the same may be utilised 

55 for a "TDMA" system such as the GSM system, and 
incorporated in the flowchart illustrated in Figure 1 1 at 
suitable points. Optionally, sensor 70 may comprise an 
electronic compass and be capable of indicating an 
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absolute direction with reference to magnetic north. 
[0102] Embodinnents of the invention may be 
enhanced by decoding the BCCH of base stations prox- 
imal to the current base station during the steps of 
measuring the signal strength. The strengths of the sig- 
nals from the proximal base stations may be utilised to 
identify their position relative to the current base station, 
such infomnation can then assist In pronnpt handover 
and beam fomnation for optimum signal with the new 
base station. 

[0103] In view of the foregoing description it will be 
evident to a person skilled In the art that various modifi- 
cations may be made within the scope of the invention. 
For example^ although embodiments of the invention 
have been described with reference to a mobile station, 
embodiments of the Invention may equally be incorpo- 
rated in base stations. For such embodiments operable 
in a CDMA system, the delays in the RAKE receiver of 
the base station may be utilised to form respective 
antenna beams for communication with mobile stations 
using respective communication channels. 
[0104] The scope of the present disclosure includes 
any novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisation 
thereof Irrespective of whether or not it relates to the 
claimed invention or mitigates any or all of the problems 
addressed by the present Invention. The applicant 
hereby gives notice that new claims may be formulated 
to such features during the prosecution of this applica- 
tion or of any such further application derived therefrom. 
In particular, with reference to the appended claims, 
features from dependent claims may be combined with 
those of the independent claims and features from 
respective independent claims may be combined in any 
appropriate manner and not merely in the specific com- 
binations enumerated In the claims. 

Claims 

1. Radio apparatus for a radio communications sys- 
tem, the radio apparatus comprising: 

a directional beam antenna; and 
control circuitry comprising means for deter- 
mining signal quality and means for directing 
said antenna beam, said control circuitry oper- 
able In a first mode to detemnine a beam direc- 
tion for a signal having optimum quality and in 
a second mode to update said beam direction 
for maintaining optimum signal quality. 

2. Radio apparatus according to dalm 1 , said control 
circuitry further operable for said second mode to 
direct said antenna beam in a direction proximal to 
said beam direction and to measure signal quality 
for said proximal beam direction. 

3. Radio apparatus according to claim 2, wherein said 



proximal beam direction is adjacent said beam 
direction. 

4. Radio apparatus according to any preceding claim, 
5 further comprising means for determining a period 

of transmit inactivity or redundant information and 
operable to direct said antenna beam and monitor 
signal quality for said period of transmit Inactivity or 
redundant information. 

10 

5. Radio apparatus according to claim 4, said means 
for determining said period of transmit inactivity or 
redundant data comprising speech processing 
means adapted to determine a period of voice inac- 

75 tivity. 

6. Radio apparatus according to claims 4 or 5, said 
means for detennining said period of transmit inac- 
tivity or redundant data comprising data processing 

20 means adapted to identify a signal representing an 
End of Data. 

7. Radio apparatus according to any one of claims 2 
to 6, said control circuitry further operable in said 

25 second mode to set said proximal beam direction to 
be a new said beam direction for a measured signal 
quality for said proximal beam direction exceeding 
the signal quality for said beam directions. 

30 8. Radio apparatus according to any one of claims 1 
to 7, said control circuitry further operable to direct 
said antenna beam in directions respectively con^e- 
spending to a plurality, including two, of sectors 
encompassing said directional beam antenna 

35 omni-directional beam pattern. 

9. Radio apparatus according to claim 8, wherein said 
optimum signal beam direction and said proximal 
beam direction con-espond to respective sectors. 

40 

10. Radio apparatus according to any preceding claim, 
operable to switch from said second mode to said 
first mode for a signal quality less than a threshold 

level. 

45 

11. Radio apparatus according to any preceding claim, 
operable to switch from said second mode to said 
first mode for a rapid decrease in signal quality. 

50 12. Radio apparatus according to any preceding claim, 
wherein said radio communications system is a cel- 
lular radio communications system and further 
comprising memory means for storing historic infor- 
mation regarding said beam direction for a first cell, 

55 the control circuitry being further operable to utilise 
said infonnation to determine a beam direction for a 
second cell for handing over said radio apparatus 
from said first cell to said second cell. 



15 



29 



EP 1 069 706 A1 



30 



13. Radio apparatus according to any one of claims 1 
to 1 1 , further comprising memory means for storing 
historic information regarding said beam direction, 
the control circuitry operable to extrapolate said his- 
toric information regarding said beam direction to 
determine a new said beam direction. 

14. Radio apparatus according to any preceding claim, 
operable for a time division multiplexed radio com- 
munications system, said control circuitry further 
operable in said second mode to monitor signal 
quality for said proximal beam direction during a 
transmit slot for said radio system. 

15. Radio apparatus according to any one of claims 1 
to 13, operable for a code division multiple access 
radio communications system and comprising a 
RAKE receiver, said control circuitry operable to 
derive an antenna beam pattern from correlation 
delay factors utilised in said RAKE receiver. 

16. Radio apparatus according to any preceding claim, 
operable for a radio communications system com- 
prising different transmit and receive can-ier fre- 
quency, said control circuitry further configurable to 
adapt control of said directional beam antenna dur- 
ing a transmit mode dependent upon said beam 
direction determined during a receive mode. 

17. Radio apparatus according to any preceding claim, 
said control circuitry operable in a third mode to 
configure said antenna for omnl-directional radia- 
tion. 

18. Radio apparatus according to claim 1 7, operable for 
said third mode for registering said radio apparatus 
with said radio communications system. 

19. Radio apparatus according to any preceding claim, 
further comprising a directional sensor for deter- 
mining a change in direction of said radio appara- 
tus. 

20. Radio apparatus according to claim 19, operabty 
coupled to said control circuitry to modify said 
beam direction responsive to and in accordance 
with said change in direction of said radio appara- 
tus. 

21. Radio apparatus according to claim 19 or 21. said 
control circuitry operable to switch from said sec- 
ond mode to said first mode for said change of 
direction exceeding a predetemnined threshold. 

22. A radio communications device comprising a user 
interface including a display, a keypad or iceyboard 
for inputting data to the communications device, a 
transceiver and an antenna and radio apparatus 



according to any preceding claim. 

23. A base station for a cellular radio communications 
system comprising radio apparatus according to 

5 any one of claims 1 to 1 8. 

24. A method of operating radio apparatus including a 
directional beam antenna for optimising received 
signal quality, the method comprising: 

70 

In a first mode; 

determining a beam direction for receiving 
an optimum signal, and 
15 directing an antenna beam in said beam 

direction, and 

in a second mode; 

20 updating said beam direction for maintain- 

ing optimum signal quality. 

25. A method according to claim 24, comprising in said 
first mode dividing the antenna radiation field into a 

25 plurality of. Including 2. sectors. 

directing said antenna beam into respective 
sectors, 

measuring the received signal quality in 
30 respective sectors, and 

directing said antenna beam In said beam 
direction having optimum signal quality. 

26. A method according to claim 24 or 25, comprising, 
35 in said second mode, directing said antenna beam 

In a direction proximal to said beam direction; and 



measuring received signal quality for said prcx- 
imal beam direction. 

40 

27. A method according to any one of claims 24 to 26, 
comprising, in said second mode, detennining a 
period of transmit Inactivity or redundant infonna- 
tion, and directing said antenna beam and monitor- 

45 ing received signal quality for said period of transmit 
inactivity or redundant information. 

28. A method according to claim 27, comprising, in said 
second mode, determining a period of voice inactiv- 

50 Ity, and directing said antenna beam and monitoring 
received signal quality for said period of voice inac- 
tivity, 

29. A method according to claim 27 or 28, comprising, 
55 in said second mode, identifying a received signal 

representing an End of Data and directing said 
antenna beam and measuring signal quality in said 
proximal beam direction subsequent to said signal 
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representing an End of Data. 

30. A method according to any one of claims 25 to 29, 
comprising, in said second mode, assigning said 
proximal beam direction to be a new beam direction 
for a measured signal quality for said proximal 
beam direction exceeding signal quality for said 
beam direction. 

31. A method according to any one of claims 24 to 30, 
comprising, in said second mode, switching to said 
first mode for a received signal quality less than the 
threshold level. 

32. A method according to any one of claims 24 to 31 , 
comprising, in said second mode, switching to said 
first mode for a rapid decrease in received signal 
quality. 

33. A method according to any one of claims 24 to 32, 
operable for a cellular radio communication system, 
the method comprising storing historic Information 
regarding beam direction for a first cell, and utilising 
said information to detemiine beam direction for a 
second cell for handing over said radio apparatus 
from said first cell to said second cell. 

34. A method according to any one of claims 24 to 31 , 
the method comprising storing historic infomriation 
regarding said beam direction, and 

extrapolating said historic information regard- 
ing said beam direction to detemiine a new 
said beam direction. 

35. A method according to any one of claims 24 to 34, 
operable for a time division multiplex radio commu- 
nication system and operable in said second mode 
to measure received signal quality for said proximal 
beam direction during a transmit slot for said radio 
system. 

36. A method according to any one of claims 24 to 33, 
and operable for a code division multiple access 
radio communication system, the method compris- 
ing in said second mode utilising correlation delay 
factors from said RAKE receiver for deriving an 
antenna beam pattern. 

37. 



38. 



comprising, in a third mode, configuring said direc- 
tional beam antenna for omni-dlrectional radiation. 

39. A method according to claim 38, comprising, in said 
5 third mode, registering said radio apparatus with 

said radio communications system. 

40. A method according to any one of claims 24 to 38, 
comprising. In said second mode, detemnining a 

10 change in direction of said radio apparatus. 

41. A method according to claim 40, comprising, in said 
second mode, modifying said beam direction 
responsive to, and in accordance with, a change In 
direction of said radio apparatus. 

A method according to claim 39 or 40, comprising, 
in said second mode, switching to said first mode 
for said change of direction exceeding a predeter- 
mined threshold. 

A radio communications device comprising radio 
apparatus according to any one of claims 1 to 9 or 
operable in accordance with any one of claims 1 0 to 
19, further comprising a user interface including a 
display, a keypad or keyboard for inputting data 
and/or commands to said communications device, 
a transceiver and a directional beam antenna. 

A radio telephone comprising a radio communica- 
tions device according to claim 43. 



A method according to any one of claims 24 to 35, so 
and operable for a radio communications system 
comprising a different transmitter and receive car- 
rier frequency, the method comprising adapting 
control of said directional beam antenna during a 
transmit mode dependent upon said beam direction ss 
determined during a receive mode. 

A method according to any one of claims 24 to 36, 



42. 
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FLOW DIAGRAM FOR THE SET UP AND CONTROL OF THE STEERABLE ANTENNA 

6W START 

SET GAINS AND PHASES OF t THROUGH N OF 60 
FOR OMNI DIRECTIONAL BEAM PATTERN Fig. 12 (a) 

DECODE BCCH SIGNALS 

SET CARRIER FREQUENCY TO SQfCTED BASE 
STATION 

MEASURE SIGNAL STRENGTH 
STORE VALUE = N 

IS SID FRAME PRESENT 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR SEAM WIDTH FROM 0 T0 180 DEG. SET X=90 (RG 12 (b)) 
MEASURE SIGNAL STRENGTH 
STORE MUE=Mx 

ISMioN 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM 180 TO 360 DEG. SETX=270 (FIG 12 (c)) 
MEASURE SIGNAL STRENGTH 
STORE mUE-Mx 

ISMx>N 

SET N= VALUE Mx 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM X-90 TO X SET X-X-45 (FIG 12 (d)) 
MEASURE SIGNAL STRENGTH 
STORE VALUE ^Mx 

ISMx>N 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM X TO X+90. SET X=X+45 (FIG 12 (E)) 
MEASURE SIGNAL STRENGTH 
STORE VALUE :Mx 




ISMx>N 



Fig. 11(a) 
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FLOW DIAGRAM FOR THE SET UP AND CONTROL OF THE STEERABLE ANTENNA 




SET N LVALUE MX 

IS THERE A CHANGE IN BASE STATION 

14^ IS SID FRAME PRESENT (FIG. 13(a}) 
Yes 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 



11^ FORBEAMWIOTH FROiyiX=75TOXi15(n6. 13(b)) 
1148 



MEASURE SIGNAL STRENGTH 
STORE VALUE =Mx-30 



>15l]> ISMx-30>N 

Yes 

SETX=X-30 
SETN:Mx-30 



SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM X-15 OEGTOX+75 DEG (FIG. 13(c)) 

MEASURE SIGNAL STRENGTH 
STORE VALUE =Mx+30 

ISMx^3D>N 

SETXsX*30 
SETN^Mx^SO 



STOP 



Fig. 11(b) 
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Beam Profile OMNI 



90DEG 




270 DEG 



Beam Profile 0-180 DEG.: X = 90 



90 DEG 




270 DEG 
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Beam Profile 180 - 360 DEG.: X = 270 



90DEG 




270 DEG 



Beam Profile X-90 TO X DEG. 



90 DEG 




Fig. 12(d) 
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Beam Profile OMNi 



90DEG 




270 DEG 



Beam Profile 0-180 DEG.: X = 90 



90DE6 




270 DEG 
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Beam Profile 180 - 360 DEG.: X = 270 



90DEG 




270 DEG 



Beam Profile X-90 TO X DEG. 



90 DEG 




Fig. 12(d) 
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Beam Profile X TO X+90 DEG. 

90DEG 



104-->/ 

//BASE STATION 



ODEG_ 


180 DEG 


102--^ 





270 DEG 



Fig. 12(e) 

Beam Realignment (Step 1: Identify SID Frame) 



90 DEG 



ODEG 



BASE STATION 




270 DEG 

Fig. 13(a) 
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Beam Realignment (Step 2 Negative Swing) 
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Amplitude 



Data 



Code 
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Fig. 14 
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Beam Pattern with T2 & Tq Approximately Equal 

90 DEG 



180 DEG 



p1601 

REFLECTOR 




BASE STATION 



1602 



270 DEG 



Fig, 16 



Beam Pattern with T2 Ti & To Similar 

1603 90 DEG 

REFLECTOR 



180 DEG 




BASE STATION 



270 DEG 



1604^ \_^REFLECTOR Fig. 17 
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Beam Pattern with Ti > T2 > To 

90 0EG 



REFLECTOR 



BASE STATION 



1602 



REFLECTOR 



270 OEG 



Fig. 18 



Beam Pattern with Ti > T2> Tq 

90DEG 



180 OEG 




180 DEC 



REFLECTOR 




REFLECTOR 



BASE STATION 



Fig. 19 
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Beam Pattern with Ti & T2 Similar and Larger than To 




BASE STATION 

Fig. 20 
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FLOW DIAGRAM FOR SET UP AND CONTROL OF STEERABLE ANTENNA FOR CDMA SYSTEM 
2102 ( ) START 



2 



2104 



2106 



e 



2108 



Fig. CI I 2110 I 



r2112 I 

€ No— 

Yes 



ODEG. 



2116 



2118 



Fig. C2 yK 
-Yes— <^120> 

No 




SETX'O 

SET GAINS AND PHASES OF 1 THROUGH N OF 60 
FOR OMNI DIRECTIONAL BEAM PATTERN fig. 01) 

DECODE SYNCHRONIZATION SIGNALS 
DEFINE TO FOR SYNCHRONIZATION 

SET SPREADING SEQUENCE TO THAT 
DEFINED BY BASE STATION 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 

STORE VALUE *N 

SET SPREADING FACTOR A 

IS SID FRAME OR END OF RACKET FOOTER PRESENT? 



SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM 0 T0 180 DEG. (Fig. C2) 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE = Mx 

ISMioN 



SETX=XH80fi9.C3) 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE -Mx 



No— C2126> ISMx>N 



Fig. 21(a) 
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i 



2128 



90DEG. 



SET VALUE Mx 

ISITi-TolORITa-Tol 
< CHIP DURATION* A 

No 



-Yes — <213q> 



2132 SETX=X-90(Flg.C4) 



Fig.C4 



* I 2134 i STORE 
-Yes— <21M> ISMx> 



MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUED MX 



N 



C7 

270 DEG, 

Fig. C5 



No 



I 2138 I SETX=X+180(Fig.C5) 



2140 



-No 




MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE =Mx 



2142> ISMx>N 



Yes 

I 2144 I SETN=VHUIEMi 



Fig. 21(b) 
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68 







SETN = VALUE Mx 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM X-90 TO X DEG. 
SETX=X-45(Fig.C6) 

MEASURE SIGNAL STRENGTH 
STORE VALUE = Mx 

ISMx>N 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM X 1 45 TO X HIS DEG. 
SETX=X*90(Fig.C7) 

MEASURE SIGNAL STRENGTH 
STORE VALUE = Mx 

ISMx>N 



SET N= VALUE Mx 

IS THERE A CHANGE IN BASE STATION 
OR A CHANGE IN SPREADING SEQUENCE 

IS SID FRAME OR END OF RACKET FRAME PRESENT 



SETXTOX-30DEG. 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE =Mx- 30 



Fig. 21(c) 
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ISMx-30>N 



SETN=Mx.30 



^ ? 
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2176 







SETXTOX+30DEG. 



MEASURE SI6MAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE ::Mxt 30 



2180 



]«-Yes-<^7^ lsMx+30>l 



SETN = Mx+30 



No 



2182 



SETX'X-aO 



STOP 



Fig. 21(d) 
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FLOW DIAGRAM FOR SET UP AND CONTROL OF STEERABLE ANTENNA FOR CDMA SYSTEM 
WITH SENSOR FOR DETECTING CHANGES IN DIRECTION (Dl) 

START 



SET X =0^0 (DIRECTION OF MOBILE AT TIME ZERO) 

SET GAINS AND PHASES OF 1 THROUGH N OF 60 
FOR OMNI DIRECTIONAL BEAM PATTERN (Fig. SI) 

DECODE SYNCHRONIZATION SIGNALS 
DEFINE TO FOR SYNCHRONIZATION 

SET SPREADING SB3UENCE TD THAT 
DEFINED BY BASE STATION 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 

STORE VALUE = N 

SET SPREADING FACTOR A 

IS SID FRAME OR END OF PACKET FOOTER PRESENT? 



SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM 0 T0 180 DEG. (Fig. S2) 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE =Mx 

ISMx>N 



SETX=X+180fig.S3) 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE =Mx 



ISMx>N 




Fig. 22(a) 
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SET N- VALUE Mx 



2130^ ISITrTolORITz'Tol 
^ < CHIP DURATION *A 



2132 I SETX=X.90(Fi9.S4) 



MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE =Mx 



N 



2138 SETX=X*180(Fig.S5) 



MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE »Mx 



2142> ISMx>N 



SET N= VALUE Mx 



Fig. 22(b) 
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SET N= VALUE Mx 

SET GAIN AND PHASE DIFFERENCES 1 mom N OF 60 
FOR BEAM WIDTH FROM X-90 TO X DEG. 
SETX=X-45(Fig.S&) 

MEASURE SIGNAL STRENGTH 
STORE VALUE =Mx 

ISMx>N 

SET GAIN AND PHASE DIFFERENCES 1 THROUGH N OF 60 
FOR BEAM WIDTH FROM X 1 45 TOX +115 DEG. 
SETX-X+90(Fig.S7) 

MEASURE SIGNAL STRENGTH 
STORE VALUE = Mx 

ISMx>N 



SET N^ VALUE Mx 
MEASURE Rd = I (D D^O)' 



IS THERE A CHANGE IN BASE STATION OR A CHANGE 
IN SPREADING SEQUENCE OR Rd > 60 DEG. 



2206 I SETX=X-(Dii-Dio) 



2164> IS SID FRAME OR END OF PACKET FRAME PRESENT 



Fig. 22(c) 
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SETXTOX-30DEG. 

MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 
STORE VALUE =Mx- 30 



No^2170> ISMx-30>N 



2172 



SETN=Mx-30 



2174 I SETXTOX+30DEG. 



^ MEASURE SIGNAL STRENGTH FROM RAKE RECEIVER 



21761 



STORE VALUE = Mx^30 



Yes--<^17^ lsMx+30>N 
SETN=Mx+30 

2182 I SETX=X-30 




STOP 



Fig. 22(d) 
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